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Abstract
Introduction: Cleidocranial dysplasia (CCD) is often attended by a considerable number of supernumerary teeth 
combined with impaction of sometimes all permanent teeth. To help these patients obtain an esthetically pleasing 
and functional dentition, eruption of an appropriate number of permanent teeth should ideally be brought about, while 
all other teeth should be removed. The simultaneous traction of several neighboring teeth into the same direction 
is associated with biomechanical challenges. This report illustrates how these difficulties were solved in a specific 
treatment case.
Findings and diagnosis: A 9-year-old boy presented with delayed tooth eruption. Major concern of the patient was 
the edentulous maxillary anterior segment. Clinical manifestation was confined to all deciduous canines and molars 
in both jaws and to the permanent mandibular central incisors. Radiographic examination revealed the impaction of 
all remaining permanent teeth as well as 20 supernumerary teeth and four third-molar buds. Cephalometric analysis 
revealed a tendency for skeletal class III in conjunction with a horizontal growth pattern.
Treatment progress and outcomes: Utilizing a custom-planned appliance, four completely impacted maxillary 
incisors could be moved to esthetically and functionally acceptable positions within 8 months. The appliance used was 
supported exclusively by the maxillary deciduous teeth and the palate. Thanks to biomechanical considerations, the 
position of the anchor teeth could be fully preserved.
Conclusions: Simultaneous mobilization of multiple teeth requires a customized approach that does justice to 
each patient’s individual situation. Meticulous treatment planning can prevent adverse effects even without the use of 
skeletal anchorage methods.
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Introduction
Cleidocranial dysplasia (CCD) was first described by Scheuthauer 
[1] in 1871, with a second major contribution made in 1898 when 
Marie and Sainton [2] demonstrated both the hereditary nature of CCD 
and irregularities in tooth development. Following comprehensive 
anatomical examinations by Hultkrantz [3], several studies were 
published about the morphology [4-6], pathophysiology [7-9], and 
treatment [10-12] of CCD.
Today CCD is known to be an (autosomal dominant) hereditary 
malformation syndrome that occurs in approximately one per million 
people [13,14] and whose symptoms are highly variable [9,13]. Its 
stereotypical form would involve a short stature, a brachycephalic 
facial structure, and the presence of bone hypoplasia, notably affecting 
connective tissue bone. The clavicular defects typically present allow 
the joining of the shoulders before the patient’s chest, and ossification 
of the cranial fontanelles is extremely delayed [15]. The most striking 
characteristics from an orthodontic viewpoint include a tendency 
for pseudoprognathism and the presence of extreme polyodontia 
with impaction of (sometimes all) permanent teeth. The number of 
supernumerary teeth averages 0-12 [16], but may be much higher [17].
The symptoms of CCD are pronounced but benign, without 
involving any mental or physical handicaps. Treatment of the entire 
organism is therefore not an objective [18,19]. Therapy remains 
confined to the facial and oral structures and is provided as dental 
treatment or, ideally, as orthodontic-surgical treatment.
Three concepts of treating CCD patients (including children) are 
well known: the Toronto-Melbourne concept [20,21], the Belfast-
Hamburg concept [22,23], and the Jerusalem concept [24,25]. While 
the former two approaches rely on a radical course of surgery without 
active mobilization, the Jerusalem concept relies on orthodontic force 
application and is particularly well suited to win patients’ trust and 
motivation by offering successful outcomes using a stepwise approach. 
These active orthodontic measures no doubt improve the success rates 
of the treatment.
Especially the retardation of tooth movement which has been 
proved to be a consequence of the haplo insufficiency of the Runx2 
gene involving transcription factor CBFA1 [26-29] makes anchorage an 
even more important issue; unwanted side-effects could be increased as 
compared to healthy individuals. That is why in tooth traction of CCD 
patients biomechanical properties of the often individually planned 
appliances must be thought through very carefully.
This article reports on a clincal case of a 9-year-old boy with CCD 
revealing biomechanical effects of different parts of the appliance used 
for this patient.
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Case History
The patient presented at the Department of Orthodontics (University 
of Tübingen, Germany) at 9 years and 4 months. He was mainly 
concerned about his missing maxillary anterior teeth. The intraoral 
situation revealed that the transition from deciduous to permanent 
dentition was atypical of the boy’s age. Orthopantomography was 
obtained for causative assessment. Based on the finding of polyodontia, 
additional documentation was created to initiate orthodontic treatment.
Diagnosis
Analysis of the documentation yielded the following findings:
• Photostat analysis (as described by Schwarz [30]) 
demonstrated an enlarged lower face and a posteriorly slanted anterior 
face (Figure 1).
due to mesial positioning of the mandibular deciduous teeth.
• The bilateral finding of mesial occlusion by roughly 4 mm was 
largely attributable to anterior migration of the mandibular posterior 
teeth. Because of the missing upper incisors overjet and overbite were 
not measurable.
• A total of 19 supernumerary teeth, including the third molars, 
were identified throughout the four quadrants in the baseline panoral 
radiograph (Figure 3). In the cone-beam computed tomography 
(CBCT) scan, these supernumerary teeth are indicated by white arrows 
(Figure 3). Since this scan was obtained approximately 1 year after the 
baseline orthopantomogram, 2 of these 19 supernumerary teeth (whose 
original positions are indicated by white circles) had been removed by 
that time. Another 5 supernumerary teeth were identified with the 
help of the CBCT scan. Four of them are indicated by red arrows. The 
remaining one was fully obliterated by tooth 26 and is indicated by a 
yellow arrow. In summary, therefore, the patient had 24 supernumerary 
teeth at the outset of treatment, including all four third molars.
• The lateral cephalometry obtained at baseline revealed a 
tendency for skeletal class III and a horizontal growth pattern (Figure 
3). Conclusions about dental characteristics were restricted due to 
having the lower central incisors as the only erupted permanent teeth.
• As a non-dental finding, it was noticed that both shoulders 
could be joined before the patient’s chest (Figures 4 a and b).
From these symptoms we concluded that the patient had 
Cleidocranial dysplasia (CCD). Indicating its hereditary character, 
his mother told us that she had similar symptoms; her supernumerary 
teeth had been removed when she was younger.
Objectives and Treatment Planning
The overall treatment objective was to mobilize a complete set of 
permanent teeth and to adjust them in a functional and esthetic fashion 
while removing all supernumerary teeth if possible.
Treatment was started, as dictated by the patient’s main concern, 
by mobilizing the maxillary anterior teeth. Subsequently, additional 
permanent teeth were to be mobilized afterwards.
Biomechanical Considerations for Phase I Treatment
The deciduous canines and molars were to be used for anchorage 
of the appliance designed to mobilize the permanent maxillary anterior 
teeth. While there were no plans to preserve these teeth in the long 
term, it was necessary to consider potential side effects with respect to 
the underlying tooth buds.
Figure 1: Extraoral photographs before treatment: frontal view, serious 
(a); frontal view, smiling (b); halfprofile from righthand side (c); profile from 
righthand side (d).
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Figure 2a: Occlusion from righthand side.
• The maxillary arch included deciduous teeth 55, 54, 53, 63, 64, 
65 with grade 0 mobility. The transversal dimension was approximately 
normal (Figure 2). No permanent teeth were visible.
• The mandibular arch included deciduous teeth 75, 74, 73, 83, 
84, 85 with grade 0 mobility (Figure 2). Teeth 31 and 41 were mesially 
rotated and completely erupted; despite edentulous spaces at sites 32 
and 42, they revealed a tendency for initial crowding. Because of this, 
the mandible was narrower transversally than the maxilla, primarily 
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The appliance was designed as follows:
A rigid archwire was attached on the vestibular side of the 
prospective maxillary dental arch. The four impacted anterior teeth, 
following their exposure and bonding from a vestibular approach, were 
pulled in a caudoventral direction against this archwire (Figures 5a).
Being the largest teeth available, the second deciduous molars were 
Figure 3a: Initial orthopantomogram.
Figure 3b: Initial lateral cephalogram.
Figure 3c: Cone-beam CT just after treatment start.
Figure 2b: Occlusion frontal.
Figure 2c: Occlusion from lefthand side.
Figure 2d: Maxillary arch.
Figure 2e: Mandibular arch.
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fitted with the molar bands needed to attach the vestibular archwire. 
Used in isolation, this attachment mode would place the center of 
rotation of the appliance at the crowns of the second deciduous molars. 
The archwire was also attached to the deciduous canines for anterior 
Figure 5b: Occlusal view.
Figure 4a: Clinical view of the clavicle-related symptom: normal shoulder 
position.
Figure 4b: Shoulders joined before the patient´s chest.
Figure 5a: Templates of the appliance: lateral view including force directions.
Figure 6b: Occlusal view.
Figure 6a: The appliance: lateral view.
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support, increasing durability and effectiveness. This would shift 
the center of rotation (CR) toward the canines (Figures 5a). As the 
unfavorable anatomic shape and advanced attrition of the deciduous 
canines (Figures 2a-c) precluded the use of bands, it was decided to 
apply overlays to the deciduous canines, which would serve the same 
purpose as bands with regard to the center of rotation (Figures 5a).To 
compensate for the resultant intrusive force acting on the deciduous 
canines, a palatal support was added to the appliance at the level of the 
canines (Figures 5a and b).
Seven blunt hooks were welded to the anterior segment of the 
vestibular archwire to offer selective variation of the tensile direction 
along the wire. The finished appliance is shown in Figures 6 a and b.
Treatment Progress and Results
Treatment was started with surgical exposure of teeth 12, 11, 21 and 
22 when the patient was 9 years and 6 months old, adhesively chaining 
buttons to the affected teeth. The orthodontic appliance was inserted 
one week after the surgical procedure (Figures 7a and b).
As soon as 4 weeks later, a markedly successful effect on the 
maxillary lateral incisors was noted (Figures 8a and b).
When 5½ months had elapsed after the beginning of mobilization, 
tooth 11 was in the process of erupting, while tooth 21 was not clinically 
visible (Figures 9a and b).
Tooth 21 began erupting after roughly 7 months and more than half 
of its crown was visible only 1 week thereafter.
After 8 months (Figures 10a and b), all four maxillary incisors were 
erupted to the point where the appliance could be removed (Figures 11a 
and b). The mobilized teeth exhibited grade II mobility at that point and 
had become so sensitive that the clinician decided against removing the 
Figure 8b: Occlusal view.
Figure 9a: Situation 5½ months after treatment start: frontal view.
Figure 9b: Occlusal view.
Figure 7a: Situation at treatment start: frontal view.
Figure 7b: Occlusal view.
Figure 8a: Situation 4 weeks after treatment start: frontal view.
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adhesive buttons at this point (Figure 12a). Figure 12b shows the good 
state of the dental roots after mobilization though. During the following 
6 weeks all four upper incisors attained physiological mobility, not 
needing any therapeutic retention procedure.
Discussion
This case report illustrates the mobilization of four impacted 
anterior teeth by a custom-designed fixed orthodontic appliance as 
a first stage in the treatment of a child with cleidocranial dysostosis 
(CCD).
Up to the second half of the 20th century, dental treatment of 
patients with CCD was confined to preserving the persistent deciduous 
teeth [31-33]. Once these were lost, a prosthetic restoration was 
provided [34]. Routine removal of impacted teeth was controversially 
discussed in this connection [35,36] because of potential cyst formation 
[32,37]. The main point usually raised against this approach was the 
poor quality of the denture bed that resulted from surgical weakening 
of the alveolar process [38].
At the same time, however, the fact that attempts were made to 
erupt the impacted teeth with the help of drugs (although these attempts 
failed) demonstrates that the potential value of teeth not properly 
erupting but being otherwise healthy had long been recognized [39-41].
Starting in the 1970s, concepts were developed that helped impacted 
Figure 11b: Occlusal view.
Figure 12a: Situation after mobilization of the four upper incisors: extraoral 
view, smiling.
Figure 12b: View of the upper incisor roots in CBCT after mobilization.
Figure 10a: Situation 8 months after treatment start, before removal of the 
appliance: frontal view.
Figure 10b: Occlusal view.
Figure 11a: Situation 8 months after treatment start, after removal of the 
appliance: frontal view.
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teeth of CCD patients to erupt solely by surgical exposure [20-23]. 
This strategy turned out to be successful; especially when exposure 
was accomplished before root growth was completed [11]. The more 
residual root growth, the higher was the likelihood of spontaneous 
vertical development of the impacted teeth and the alveolar process. 
During these procedures, the orthodontist’s task was confined to 
monitor the space available for erupting teeth, with or without the use 
of space maintainers [11]. Since this strategy was promising in children 
and adolescents only, the treatment of adults continued to rely mainly 
on prosthetic restorations.
The eruption of the impacted teeth will also create favorable 
conditions with regard to prosthetic treatment down the road. An 
underdeveloped alveolar bone, for example, generally offers not only 
a poorer denture bed, but an impacted maxillary anterior segment 
also results in sagittal underdevelopment of the maxillary alveolar 
process and, hence, in a tendency toward pseudoprognathism. In some 
situations, promoting the development of tooth eruption will help avoid 
orthognathic surgical procedures. In this way, major importance must 
be attached to the mobilization and functional adjustment of impacted 
teeth in CCD patients even with regard to the jaw position.
It was not until the introduction and continuing development of 
enamel etching [42], biocompatible metals [43], and biomechanical 
concepts [44] that active mobilization of impacted teeth (especially 
group by group) became possible. In addition, the precision of 
radiographic diagnosis had been enhanced by the introduction and 
ongoing improvement of three-dimensional imaging techniques [45], 
creating better conditions for selective mobilization of teeth [46]. 
This progress is also reflected in the case presented here; CBCT was 
of enormous benefit for the diagnosis and set the stage for successful 
treatment – five supernumerary teeth would have gone undetected 
without this technology. This is relevant because the removal of adjacent 
supernumerary teeth before root growth is completed will promote 
the possible eruption of permanent teeth [10]. Also, there is a need 
to minimize the number of surgical interventions for tooth removal 
(notably when performed under general anesthesia) and to coordinate 
their timing with the timing of orthodontic treatment steps.
Impacted teeth can be mobilized with the help of multibracket 
appliances and rigid archwires if enough space is available and enough 
teeth are present for anchorage. However, adverse effects, particularly 
on the adjacent teeth, should be expected in this situation. Experience 
has shown that detectable intrusive forces on neighboring teeth will 
occur even during lengthy mobilization attempts performed on single 
teeth.
The use of a less elastic metal archwire attached to several teeth as 
performed by Becker [16] may cause the occlusal plane to tilt as a result 
of intrusive and extrusive side effects, and teeth that get intruded in an 
uncontrolled fashion may inflict damage on any underlying tooth buds.
While side effects of this type can be eliminated by relying on 
techniques of skeletal anchorage, the viability of such anchorage is 
limited in children and adolescents. Interradicular screw insertion 
is prevented by insufficient bone quality and by the accessional teeth 
inside the alveolar process, confining the successful placement of 
anchorage screws to the area of the palate in these patients.
Nor can screws be successfully inserted into the alveolar process of 
patients who already have reached adult age at the time of presentation 
[47-49] because of the polyodontia.
A case report dealing with a Japanese CCD patient aged 
approximately 11 years [12] showed a baseline situation similar to the 
present case. The Japanese authors, however, designed an anchorage 
system with teeth and miniscrews as supports in order to mobilize 
the impacted maxillary anterior teeth. Unlike our own design, the 
rigid metal archwire was placed palatal to the dental arch, including 
metal arms extending to the vestibular side to apply tensile force in 
a physiologically correct caudoventral direction despite its palatal 
position. The situation in this specific Japanese patient may have been 
such that confining fixation of the mobilization archwire to teeth only 
was not an option. Our appliance, however, offers the benefit that the 
direction of tension can be varied via hooks in the anterior segment of 
the vestibular archwire. This allows for more precise positioning and 
shaping of the anterior segment, reducing the time required for follow-
up treatments or eliminating them altogether.
Conclusions
Simultaneous mobilization of several adjacent teeth in the same 
direction requires meticulous biomechanical planning, as the larger 
moment of force can increase the potential side effects on anchor 
teeth. Consequently, various types of malocclusion can develop whose 
resolution in itself will require another complicated anchorage system. 
While supportive skeletal anchorage can compensate for undesirable 
side effects on teeth (and purely skeletal anchorage can even rule out 
any dental side effects whatsoever), there are limitations to using 
skeletal anchorage in CCD patients. Biomechanical considerations 
therefore remain an essential aspect of orthodontic treatment planning, 
which is particularly true of complex situations requiring simultaneous 
mobilization of several impacted teeth.
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